Although the Congo River Basin contains the second largest tropical rainforest in the world, tropical Africa has fewer tree census plots than tropical Asia or America. Thus, more data are needed to describe species richness and diversity. We conducted a tree census to reveal the species richness and composition of a middle-altitude forest in Moukalaba-Doudou National Park, Gabon. We set a 150×150-m plot (2°3.2'S, 10°25.0'E) at an altitude of 220 m. All trees >10 cm in diameter at breast height (DBH) were marked, and the DBH of each was measured. We recorded 988 trees, 692 (70.0 %) of which were fully identified to 63 species. Among the rest, 267 trees (27.0 %) were classified into 27 genera, and 22 trees (2.23 %) were classified into 10 families. The 6 most common species accounted for 50.6 % (500 trees) of the total number of trees: Dichostemma glaucescens (Euphorbiaceae), Diospyros sp. 1 (Ebenaceae), Strombosia pustulata (Olacaceae), Synsepalum longecuneatum (Sapotaceae), Staudtia kamerunensis var. gabonensis (Myristicaceae) and Pausinystalia macroceras (Rubiaceae). The remaining 86 species had <10 trees per ha, and 42 species of these had <1 tree per ha on average. These low-density species reflect a high-diversity forest.
INTRODUCTION
The Congo River Basin contains the second largest block of tropical rainforest in the world (White 2001) . About half is located in the Democratic Republic of the Congo, while the majority of the rest is divided between the Republic of the Congo, Gabon and Cameroon. Compared to those in America and Asia, African tropical rainforests are characterised by low plant species richness, but high species richness of forest browsers, including forest elephants (Primack and Corlett 2005) . The number of species >10 cm in diameter at breast height (DBH) is often only 60-150 per ha in primary lowland tropical rainforest in Africa, while it can exceed 200 or even 300 per ha in very rich areas of western tropical America and parts of tropical Asia (Richards 1996) . However, fewer tree census plots exist in tropical Africa than in tropical Asia or America, indicating that more are necessary to properly describe species richness and diversity. Whether climatic conditions have contributed to the relatively poor plant species richness of African forests is uncertain. Most tropical rainforests in Asia and America are located in areas with annual rainfall of 2000-3000 mm, while African tropical rainforests are distributed in areas with annual rainfall of 1500-2500 mm (Richards 1996) . Nearly all rainforests have a distinct seasonal climate, seldom with fewer than 3 consecutive months with <100 mm of rainfall. In all continents, species diversity in tropical forests decreases with increasing seasonality and increases with total annual precipitation. Data from 0.1-ha plots in lowland tropical America showed that "dry forests" with less than 1000 mm in annual precipitation generally contain～50 species of angiosperm plants per ha, "moist forests" with 1000-3000 mm in annual precipitation contain～100-150 species and "wet forests" with more than 3500 mm in annual precipitation contain over 200 species (Gentry 1982) . Hall and Swaine (1976) showed a similar correlation using 0.1-ha plots in Ghana, but data are still very limited. Raven and Axelrod (1974) attributed the comparative paucity of tree flora in tropical Africa to uplifting of the land surface in the Tertiary period, which caused desiccation, especially during the Pliocene. Another possible explanation may be that for topographical reasons, refuges available for African rainforest flora in the arid period of the Pleistocene were fewer and smaller than those in other parts of the tropics (Richards 1996) .
Gabon is situated in the western part of the Congo basin and has an area of 262,000 km 2 . Approximately 80 % of the country is covered by tropical forests. Gabon is estimated to possess 7000 plant species and is one of the most species-rich (Breteler 1996) and least known areas in Africa (Sosef et al. 2004) . More data are needed for flora inventories and for global comparisons among rainforests. The purpose of this study was to provide data from 150× 150-m plots in Moukalaba-Doudou National Park.
STUDY SITE AND METHODS
Moukalaba-Doudou National Park is located in southwestern Gabon and covers an area of ～5028 km 2 . The park faces the Atlantic Ocean on its south-western boundary. The Doudou Mountain Range, up to 900 m in altitude, runs north to south. The Park contains a mosaic of vegetation: primary and secondary forest, mountain forest, marsh and savannah. The three categories of forest vegetation according to Sosef et al. (2004) are the following: low altitude (<200 m alt.), middle altitude (200-450 m alt.) and high altitude (>450 m alt.). At low altitude, the canopy is dominated by the Caesalpiniaceae and Mimosaceae, with species such as Dialium angolense and Pentaclethra eetveldeana. In the understorey, Dichostemma glaucescens, Meiocarpidium lepidotum and a large variety of Diospyros species dominate. The number of species in the family Annonaceae increases at medium altitude. Librevillea klainei, Plagiosiphon emarginatus and Dialium angolense are frequently observed in the canopy layer. Dichostemma glaucescens, Santiria trimera and Strombosia pustulata are common in the understorey. Two species of the Burseraceae, Aucoumea klaineana and Dacryodes igaganga, are typically more common at high altitudes, and the understorey layer is dominated by S. trimera, D. glaucescens and Strombosia tetrandra. Species such as Synsepalum longecuneatum and Ochthocosmus calothyrsus are also frequent (Sosef et al. 2004 (Sosef at al. 2004 ). Because humans prescribe fires to maintain the savannah vegetation at the start of the rainy season, it is considered semi-natural. Without maintenance, shrubs and trees would occupy the area. According to measurements from our field camp (Take noshita et al. 2008) , the mean annual rainfall during 2002-2006 was 1776.8 mm with a range of 1583-2163 mm. Mean monthly rainfall over 69 months was 137.6 mm, ranging from 0 to 377 mm. Mean monthly rainfall was always <100 mm in June, July, August and September of [2002] [2003] [2004] [2005] [2006] , and in May of most years. In general, two distinct seasons occur: the dry season from May to September and the rainy season from October to April. Some variation occurs in the duration and timing of the dry season across years . The minimum temperature ranged from 19℃ to 28℃, while the maximum temperature ranged from 27℃ to 34℃ ). Both monthly mean maximum and minimum temperatures tended to be higher in the rainy season than in the dry season. Considering all climatic information, we propose that the forest is a boundary between tropical and seasonal forest, as per Richards (1996) . Using a surveying compass, we established a 150× 150-m plot (2°3.2'S, 10°25.0'E) at an altitude of 220 m in the middle altitude forest zone, from 25 July to 6 August 2011. The plot is located in #25 of our grid system in Moukalaba-Doudou National Park (Fig. 1) . The maximum height of trees was ～40 m, but most of the canopy was 25-30 m in height. We marked all trees >10 cm in DBH and measured the DBH of each stem. Trees were identified on- site, and specimens for a herbarium collection were collected 9-23 September 2011. Botanical nomenclature follows that of Sosef et al. (2006) . As the plot size was 2.25 ha, we calculated tree number and species number per ha as an average (±SD) of four 100×100 m plots located at the four corners of the 150×150 m plot.
RESULTS AND DISCUSSION
We recorded 988 trees, and 692 (70.0 %) were completely identified to 63 species. Among the rest, 267 (27.0 %) were classified into 27 genera and 22 (2.23 %) into 10 families. The 6 most common species accounted for 50.6 % (500 trees) of the total number of trees (Table 1) : D. glaucescens (Euphorbiaceae), Diospyros sp. 1 (Ebenaceae), S. pustulata (Olacaceae), S. longecuneatum (Sapotaceae), Staudtia kamerunensis var. gabonensis (Myristicaceae) and Pausinystalia macroceras (Rubiaceae). The remaining 86 species had a density of <10 trees per ha, and 42 of these species had a density of only <1 tree per ha. The presence of low-density species reflects a high-diversity forest. In this plot, we found no Musanga cecropioides (Moraceae), and only one individual of Myrianthus arboreus (Moraceae), although these are regarded as typical pioneer species in this region (Richards 1996) . Many lowland tropical rainforests contain more than 100 species among trees >10 cm in DBH per ha, but the number of tree species per ha in tropical Africa is smaller than those in tropical Asia and America (Turner 2001) . The average species number (±SD) in four 100×100 m plots was 69.0 (±2.2), and the number of trees per ha was 444.8 (±34.1). The range in the number of species we observed per ha was in line with previously reported values: 90 spp. in 1.5 ha in Okomu, Nigeria (Richards 1939) ; 109 spp. in 1.5 ha in Southern Bakundu F. R., Cameroon; and 75 spp. in 0.64 ha in Korup F. R., Cameroon (Gartlan et al. 1986 ). These are all far smaller than the 60-313 spp. per ha reported in tropical America, and the 105-223 spp. per ha reported in tropical Asia (Richards 1996) . The stem density and basal area were 440 per ha and 43.7 m 2 /ha, respectively. Lewis et al. (2013) reported aboveground biomass, stem density and wood mass density from 260 sample plots in African closed-canopy tropical forests. There, they reported a lower mean stem density of 426±11 per ha and a lower mean basal area of 32.7 m 2 /ha. Large trees (>1 m in DBH) were uncommon in the plot; 12 species had individuals >1 m in DBH (Appendix). Among them, Peltophorum africanum, Ricinodendron heudelotii, Daniellia klainei and Baillonella toxisperma had only one tree >1 m in DBH, while Entandrophragma utile had two. In addition, we observed only three large individuals of Irvingia grandifolia and Aphanocalyx microphyllus, while Klainedoxa gabonensis and Cylicodiscus gabonensis ) and elephants (Yumoto et al. 1995) . The fruit of R. heudelotii (Euphorbiaceae) have the appearance of being animal dispersed, but the animals that consume them are unknown. In any case, modes of seed-dispersal are not consistent for large, low-density species. Many African tree species are found across large areas (e.g. K. gabonensis and P. africanum ; Richards 1996) , likely dispersed long distances by apes and elephants. For example, the fruit of B. toxisperma are only consumed by elephants (White et al. 1993 ). Takenoshita and Yamagiwa (2008) estimated gorilla density to be 6.99 gorillas/km 2 using a dung count method.
Although the densities of chimpanzees and elephants have not been estimated, we sometimes observed these animals and frequently found their dung. In 1998, Walsh and White (1999) recorded 131 wild elephant dung piles in a 14.0-km transect on Mt. Doudou. Because some widely distributed species are uncommon, dispersal distances are probably quite large, but chances for seedling and sapling establishment are probably low. Staudtia kamerunensis var. gabonensis had the largest basal area (3.45 m 2 /ha), followed by C. lacourtianum Table 2 ). The top 12 species accounted for 50.5 % of the total basal area in the plot. Considering family classifications, Sapotaceae, Myristicaceae and Caesalpiniaceae occupied 33.5 % of the total basal area, while Olacaceae, Ebenaceae and Euphorbiaceae accounted for 46.7 % of the total tree number (Table 3) . Important floristic differences exist between African rainforests and those on other continents (Richards 1996) . For example, African rainforests contain very few species of several families that characterise tropical areas on other continents, e.g. Lauraceae and Palmae. The composition of tree families in our plot can be considered typical of African rainforests.
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